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Introduction
In North America, European larch canker, incited by the introduced fungus Lachnellula willkommii
(Hartig) Dennis, causes a serious branch and stem canker disease of native eastern larch (tamarack),
Larix laricina (Du Roi) K. Koch. The disease was first found in the U.S. in 1927 affecting European larch
(L. decidua Mill.) planted on estates near Boston, MA. Presumably, the fungus was brought there on
nursery seedlings or saplings around 1907. An eradication program, entailing repeated surveys and
rogueing of infected trees over several decades, was determined in 1965 to be successful (Tegethoff,
1965), and no disease has been found since then on either tamarack or exotic larches in surrounding
areas.
In 1980, the disease was discovered affecting tamarack in the Canadian Maritime Provinces of New
Brunswick and Nova Scotia. In June of 1981, Canadian authorities reported the disease occurring on
Campobello Island and St. Stephen New Brunswick, towns separated only by the St. Croix River from
Maine. Searches in eastern Maine in 1981 found diseased trees in several stands in eastern Washington
County. The disease has since been found in many additional townships.
A meeting and a workshop were convened in Old Town, ME (1982) and Fredericton, N.B. (1983), to
identify the research needed to answer questions (Q) related to the disease and its potential impact on
the larch resource of eastern N. America and beyond. Issues identified (Magasi, 1983), included:
a)
b)
c)
d)

Patterns of infection and spread of the disease within tamarack trees and stands (Q. #14, #15)
Impact of the disease on individual trees and stands (Q. #17)
Incidence and spread of the disease relative to coastal proximity (Q. #9)
Longevity of the pathogen’s ascospores on larch scion materials (Q. #1)

A USDA-APHIS quarantine was established in 1984 to include all easterly affected townships (Figure 1).
The quarantine was designed to prohibit the movement of pathogen-contaminated larch materials from
the infected area.

Objectives
In this paper we report on (1) the regional pattern of spread of European larch canker in Maine since its
discovery in 1981 (Q. #15, and Q. #9); (2) temporal patterns of infection and subsequent disease
development in naturally-infected tamarack saplings growing in coastal eastern Maine (Q #14, Q. #17,
and Q. #9); and (3), the incidence and severity of disease in site-stressed tamarack growing in several
“peatland habitats of concern” (Q. #9 and Q. #17).
Also included in the Appendix are previously unreported results from an earlier study that examined the
longevity of the pathogen’s ascospores when subjected to different laboratory regimes of temperature
and humidity (Q. #1).
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Materials and Methods
The Temporal Pattern of Occurrence and Spread of Larch Canker in Maine
Survey Methods:
Several survey methods have been used to assess larch canker occurrence and spread since it’s
discovery in Maine over 35 years ago. Early reconnaissance was initially roadside surveys conducted in
the counties suspected to harbor the pathogen (Miller-Weeks, 1983). Once the disease was verified in
the state, an intensive aerial survey was conducted in the fall of 1984 using color infra-red photography
to locate larch stands. The aerial survey covered a 45-mile wide coastal band from the New Brunswick
border to the New Hampshire border, and provided approximately 3800 photos with 50% overlap.
Seventy-eight flight lines ran parallel to the coast at a spacing of approximately 2.7 miles (personal
correspondence, D. Stark). Intensive ground surveys of the located concentrations of larch were
conducted in 1985. Subsequent ground surveys were conducted annually using the larch resource
information provided by the aerial survey. These later surveys gradually became less intense from 1986
to the present, as the geographical extent of the disease became better established. Most recent
ground surveys have concentrated on “buffer” towns (those not yet known to have larch canker) within
the quarantine area, and towns immediately outside the quarantine boundary.
Results:
The disease was first found in Maine on July 27th, 1981 in Lubec. Subsequent surveys conducted by the
Maine Forest Service and USDA Forest Service detected infected tamarack in Jonesboro, Whitneyville,
Machias, Columbia Falls, and Harrington. The oldest cankers were from Lubec and Jonesboro, and were
calculated to be seven years old at the end of the 1981 growing season.
By the end of 1982 L. willkommii had been found in twelve townships, all within Washington Co. In
1983, a cooperative State-Federal survey was conducted in August. Using a grid system, four twoperson crews surveyed likely infection sites in four counties. The survey noted that the “disease just
couldn’t be found as survey activity moved away from the coast” (1983 MFS Annual Report pg. 107).
Larch canker was found in five additional townships: Cherryfield, Trescott, Addison, Edmunds, and
Machiasport.
In 1984, the known range of the disease was expanded to another coastal region centered on the town
of Waldoboro. This second disease focal area was approximately 115 miles SW of Machias, the
approximate epicenter of the first group of townships with known disease occurrence. The occurrence
of larch canker in this second epicenter included twelve additional towns (Cushing, Hope, Camden,
Friendship, Warren, Bremen, Waldoboro, Gouldsboro, Edgecomb, Charlotte, 18 MD BPP, and 19MD
BPP).
In 1985 the disease was found in Thomaston, in 1992 in Baring, and in 2004 and 2005, it was reported
from Northfield and Deblois. In all locations mentioned above, the pathogen was reported to occur on
native larch.
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In the fall of 2007, larch canker was found on several European larches in Brunswick. Because the town
borders were not contiguous with either of the two quarantine zones, and because the disease was
appearing on introduced and planted European larch in a landscape setting, a spot eradication effort for
infected trees at this location was executed during 2008 and 2009 (Ostrofsky, 2008), with yearly
monitoring and sanitation efforts continuing to date.
Currently, there are 84 towns included in a state and Federal quarantine area that defines the two
coastal disease epicenters (Figure 1). Thirty-three of these towns are known to contain larch canker; the
others, which abut them, comprise a buffer zone around the infected area.

Figure 1. European larch canker quarantine boundaries, Maine.
The most recent estimate of Maine acreage infected by the European larch canker, made in 1992, was
6,725 acres (Maine Forest Service, 1992). Even though two additional infected townships have been
discovered since then, this acreage figure likely remains a reasonable estimate considering the losses to
the larch resource during the 1990’s caused by the Eastern larch beetle (Dendroctonus simplex Lec.)
Except for a few years during the 1990’s, annual surveys to identify new disease locations have been
conducted by Maine Forest Service personnel, primarily in the buffer towns within the quarantine area,
and on two inland private forest industry larch seed orchards. Although the seed orchards are extant,
no known active seed production or orchard use has been pursued for some period of time.
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Patterns of Infection and Disease Development in Naturally-Infected Saplings
Materials and Methods:
Trees and Plots: Between 2000 and 2004, five plots, each containing 75 to 150 tamarack
saplings (hereinafter called trees), were established in areas where larch canker was either abundant
(two plots very near the coast) or sparse (three plots inland, at a greater distance away from the coast)
on nearby mature trees (Table 1). In Plots 1- 4, 150 trees were selected; 75 trees were selected in Plot 5.
Tree diameters, taken at 10cm above the root collar, and tree heights (cm) were measured. Selected
stems were marked with colored flagging and a numbered aluminum tag attached with wire to stems or
branches. Tree locations were mapped using compass bearing and distances from polyethylene stakes
set at one-chain intervals through the plot areas.
Table 1-- Characteristics of five plots with trees monitored annually for
development of larch cankers.
Plot #

Township

Year Est.

1 Jonesboro

2000

Years
Measured
2000-2010

#Trees
149

Miles to
Coast
1.4

BA/A 2011

2 Addison

2000

2000-2010

150

0.7

93

3 Deblois

2002

2002-2014

150

11.2

NA

4 Northfield

2003

2003-2008

150

11

NA

5 T-25 MD
BPP

2004

2004-2010

75

22.8

NA

92

Measurements: Branch and stem cankers on each plot tree were counted annually from 2000
to 2014. Because not all plots were established in 2000, and because one plot was flooded by beaver
activity and had to be abandoned, periods of data acquisition varied (Table1). European larch cankers
were identified based on their shape, occurrence of resinosis, and presence of apothecia of L.
willkommii. Cankers without fruiting bodies and of uncertain origin were tallied initially as
“mechanical”. With time, most such cankers became sunken/swollen, bore typical apothecia, and were
tallied as larch cankers.
All cankers were counted each year resulting in cumulative counts of larch cankers or “mechanical”
cankers. Data were expressed as the numbers of trees infected, mean number of cankers per tree, and
total number of branch or stem cankers per plot. Tree condition was expressed only as live or dead. The
probable cause of mortality was noted for dead trees.
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During the course of the study, trees grew significantly in height. Initially, each branch could be
examined completely, but eventually it became impossible to detect cankers on branches above
approximately 8 ft. Data, therefore, are limited to what could be observed from the ground. In 2010, the
diameters and heights of all trees in Plots 1, 2 and 3 were re-measured, and cankers were counted as in
previous years. In order to assess the potential underestimation of cankers, a complete sampling of 15
(10%) randomly chosen trees in Plots 1 and 2, and three trees in Plot 5 were felled and all stem and
branch materials carefully examined. Tree height, height to topmost canker, and the total number of
cankers was determined for all trees sampled. The age of sampled trees was determined from stump
ring counts.
Incidence and Severity of Larch Canker in Tamaracks Growing in Peatlands
Four peatlands (heaths) were surveyed to assess how tamaracks growing on these nutrientimpoverished sites are affected by larch canker. Three of the heaths chosen were among those listed as
“peatlands of concern” (Worley, 1980; Johnson 1985), and represent examples that were either
immediately proximal to the seacoast (Jonesport Heath and Larrabee Heath), or were more inland
(Great Heath and Cathance Heath). Two separate areas were surveyed in Jonesport Heath (Table 2).

Table 2. Characteristics of the peatlands surveyed for larch canker disease.
Name

Township

Jonesport
Heath 1

Jonesport

Year
# Trees
Surveyed
2005
200

Jonesport
Heath 2

Jonesport

2006

Great Heath

T-18 MD

Transect
(Feet)
1588

Miles to
Coast
0.7

184

833

0.7

2006

200

1579

8.25

Larrabee Heath

Machiasport 2007

125

237

1.4

Cathance Heath

T-19 ED

200

943

13.7

2008

Jonesport Heath: This peatland complex of about 1000 acres contains the largest coastal plateaus in the
U.S. The heath has been extensively mined for agricultural peat, and probably for briquettes from as
early as 1943. Early mining entailed removing peat from parallel trenches, leaving relatively undisturbed
intervening strips. In Heath 1, tamaracks growing on these strips were surveyed. In Heath 2, tamaracks
growing on the undisturbed western side of the heath were surveyed.
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Great Heath: This heath contains the largest contiguous open bog in Maine (3,430 acres) with another
911 acres of peripheral peatlands. The heath, intermediate in structure and vegetation between
maritime and upland raised bogs, has small islands of trees and extensive dwarf shrub communities
(Caljouw, 1982). Dense patches of Chamaedaphne (C. calyculata (L.) Moench) dominated the vegetation
of the area surveyed, which was close to the southern border of the heath.
Larrabee Heath: This nearly pristine 235-acre raised plateau peatland has exceptionally well-defined
vegetation zones. Tamaracks on the plateau occur within a tongue of conifer forest that extends into the
heath from its southern margin.
Cathance Heath: This heath is a small area, approximately 65 acres in size and is located about 1900 feet
off the southwestern tip of Lake Cathance. Included in the heath is a small pond of open water,
approximately 10.6 acres in spring, shrinking to about 3.5 acres by late summer. The pond is fed from a
stream about 1000 feet in length from the south end. No record of disturbance is known. Vegetation is
similar to that of the other heaths described above.
Survey Methods:
In each heath, a surveyor’s tape was laid out to establish the centerline of linear transects. Larch trees
within approximately 25 feet of either side of the tape were examined for the presence of cankers. All
stem and branch cankers were counted; the occurrence of tree death or of stem dieback attributed to
girdling cankers was noted. For each tree, height, stem diameter at 10cm, and its distance position along
the tape were recorded. Every tenth tree encountered was cut and a basal stem section collected for
later determination of tree age. Numbers of trees measured ranged from 125 to 200 (Figures 13, 14).

Results
Larch Plot Summaries
Jonesboro and Addison Plots: Stand characteristics of the Jonesboro and Addison plots (Plots 1
and 2 respectively) were measured in 2011, at the end of the study. Three fixed-radius .01-acre plots
were randomly established in each stand, and all trees measured at diameter breast height (dbh). Stand
characteristics are shown in Figures 2 and 3. Both stands were predominantly naturally established
larch. Competing alders (Alnus incana (L. ) Moench) made up the majority of the “other” vegetation,
represented with 19 stems in the Addison fixed plots, and 85 stems in the Jonesboro fixed plots. Only
two white spruces (Picea glauca (Moench) Voss) and two grey birches (Betula populifolia Marsh.) in the
Addison and Jonesboro stands, respectively, made up the remaining tree species. Trees in the
Jonesboro plot averaged 2.0 cm in diameter and 150 cm in height in 2000. Trees in the Addison plot
averaged 2.38 cm in diameter and 188 cm in height.
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Mean Stem Diameter (inches)

Larch Stand Characteristics
- Stem Diameter 2.5
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1
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Figure 2. Mean stem diameter (inches) in the Addison and Jonesboro plots at the end of the study period, 2011.
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Figure 3. Numbers of stems per acre in the Addison and Jonesboro plots at the end of the study period, 2011.
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Larch Stand Characteristics
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Figure 4. Basal area (ft2) per acre in the Addison and Jonesboro plots at the end of the study period, 2011.

Larches in the Jonesboro stand were smaller in stem diameter, but more numerous per acre than those
in the Addison stand, resulting in near-equal basal area per acre values of 93 (Addison), and 92
(Jonesboro).
Over the ten-year period between 2000 and 2010, both Plots 1 and 2 showed a consistent increase in
the numbers of branch cankers and stem cankers (Figures 5 and 6). There was an initial infection rate of
approximately ten percent of the sample trees at the start of measurement in 2000. By 2008 over
ninety percent of the trees in each stand had become infected. This pattern was closely repeated for
the remaining three plots as well. The slight variations in cumulative counts of branch and stem cankers
from year to year was attributed to attrition of small branches (due to competition, mechanical removal
by ice, storm, or animal damage, and natural shedding), and to human error. Some additional errors
likely occurred as a result of initially classifying some cankers as mechanical damage (no fruiting or
typical resinosis). In later years some of these cankers showed clear signs and symptoms of infection,
and so were reclassified. The number of mechanical injuries on branches also decreased as branches
died and were shed as a normal part of stand development.
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Figure 5. The percent of trees with branch cankers over the ten-year study period. (Note: Because the study
was initiated in late summer in 2000, data were not collected in spring 2001, as any new canker development
would have been unlikely.)
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Figure 6. The percent of trees with stem cankers, over the ten-year study period. (Note: Because the study was
initiated in late summer in 2000, data were not collected in spring of 2001, as any new canker development
would have been unlikely.)
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Disease progression in terms of numbers of trees affected, numbers of branch cankers, and numbers of
stem cankers appeared to follow a characteristic pattern, with a relatively slow but steady increase in
disease incidence until an inflection point, at which time the disease incidence rate rapidly increased.
For both plots, this inflection point occurred sometime during the 2006-2007 measurement years. A
maximum “r” value (Vander Plank, 1963), or rate of disease increase, of 0.79 was calculated for the
disease in Plot 1, and a maximum rate of 0.72 was calculated for Plot 2 (Figures 7 and 8).

Infection Rate

Plot 1-Infection Rate (r) based on number of live trees infected with either
a branch or stem canker, and the 90% Confidence Band
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Upper 90% Confidence Band
Infection Rate
Lower 90% Confidence Band

0.32
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0.28

0.4

0.21

0.24

0.36

0.17

0.2

0.32

0.44
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0.76

0.4

0.7

0.76

0.79

0.71

0.36

0.66

0.72

0.75
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Figure 7. Infection rate of European larch canker in Plot 1, Jonesboro, Maine.
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Infection Rate

Plot 2 - Infection Rate (r) based on the number of live trees infected with
either a branch or stem canker, and the 90% Confidence Band
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0.07

0.3
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0.56

0.77
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0.03

0.26

0.16

0.21

0.1

0.52

0.72

0.71

0.65

0

0.22

0.11

0.17

0.06

0.47

0.68

0.67

0.6

Lower 90% Confidence Band

Figure 8. Infection rate of European larch canker in Plot 2, Addison, Maine.

Calculation of the Rate of Disease Development: The rate of disease intensification in these plots
was calculated using a standard plant disease epidemiological model (Parry 1990, after Vander Plank).
There is a single model parameter r, which is the apparent infection rate. It can be calculated
analytically using the formula

where
r is the apparent infection rate
t1 is the time of the first measurement
t2 is the time of the second measurement
x1 is the proportion of infection measured at time t1
x2 is the proportion of infection measured at time t2
Correlation of Estimated Canker Counts to Actual Cankers: As trees in the measured stands
developed and reached heights in excess of three or more meters, it became increasingly difficult to
detect cankers, especially those on branches. Therefore, while the total counts reported in the study
are believed to provide an accurate relative estimate of canker incidence and disease development,
actual canker counts were judged likely to be higher. Thus, destructive sampling of a subsample of
study trees was conducted at the end of the measurement period to provide an estimate of the actual
numbers of cankers. A total of 32 trees were randomly selected (15 from the Jonesboro plot, 14 from
the Addison plot, and 3 from the T25 MD BPP plot). Trees were felled in 2011, and all stems and
branches carefully examined for cankers, which were tallied as before.
Several models were examined to determine the relationship between estimated branch canker
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(pre-felling) and actual branch canker counted (post-felling). Variable names were abbreviated
as follows:
ABC = Actual Branch Cankers counted, post-felling
EBC = Estimated Branch Cankers counted, pre-felling
ESC = Estimated Stem Cankers counted, pre-felling
THGT = Total Height (feet)
CHGT = Canker Height (topmost location)
Based on pre- and post-count data on the total subsample of 32 trees, the following model was derived:
ABC = 65.04100 + 5.51133*(EBC) – 2.14907*(ESC) – 2.42391*(TGHT)
The model of actual branch cankers is positively correlated to estimated branch cankers at 0.75.
Fifty-six percent (56%) of the variation (Adjusted R-square) is explained by the above three independent
variables (estimated branch cankers, estimated stem cankers, and total tree height). EBC is by far the
strongest predictor of ABC, and this is true for other examined models, as well. The regression model’s
Analysis of Variance (ANOVA) has a probability of <0.0001, which is quite robust.
Deblois Plot: The Deblois plot (Plot 3) measurements were initiated in 2002, two years after the
initiation of Plots 1 and 2. Initial average tree diameter was 1.72 cm; initial average tree height was
149.9 cm. The plot is unique in that no cankers were observed when the plot was first established, so
the record of infection and disease spread appears to have captured the entire progression of disease
development (Figure 9). The infection trend closely resembles that measured for the first two plots;
that is, a relatively low incidence of disease for the first several years, followed by a rapid increase in
disease. The trend for disease increase was similarly displayed for stem canker incidence, branch canker
incidence, and infected-tree incidence. A slight anomaly occurred in 2011, with a count below expected
totals. This is believed to have been the result of changes in field crew personnel for that year.
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Canker Summary
Plot 3
120

Number of Cankers
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Year

Figure 9. The total numbers of stem cankers, branch cankers, and infected trees (with either stem cankers,
branch cankers, or both) of 150 sample trees occurring at the Deblois study location (Plot 3).
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Calculation of the Rate of Disease Development: The rate of disease intensification in
Plot 3 is shown in Figure 10. The highest r-value (infection rate) observed for this plot was 0.93.

Plot 3 - Infection Rate (r) based on number of live trees infected with either
a branch or stem canker, and the 90% Confidence Band
1.2
Infection Rate

1
0.8
0.6
0.4
0.2
0
Upper 90% Confidence Band
Infection Rate
Lower 90% Confidence Band

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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0
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0.69

0.69

0.53

0.58

0.56

0.62

0.89

0.78

0.65

0.64

0.49

0.53

0.52

Figure 10. Infection rate of European larch canker in Plot 3, Deblois, Maine.

Northfield and T35 Plots: The development of the European larch canker infection in the
Northfield stand (Plot 4), established in 2003, appeared to follow the same initial trend as that shown by
the previous plots. The average stem diameter of trees in 2003 was 2.89 cm. Height of trees taller than
100 cm was estimated, so a specific initial average height is unavailable. As mentioned earlier,
measurements in this plot were abandoned in 2008 due to flooding by beavers, and the resultant tree
mortality of the small larches. The plot established in T35 MD BPP (Plot 5) differed from Plots 1-4 in that
it was established in an older, more inland stand with trees that were considerably larger and older.
Measurements of the 75 study trees in Plot 5 were begun in 2004, and continued for a period of six
years. The average stem diameter in 2004 was 4.1 cm. No tree heights were recorded. Regardless of
these differences, the overall pattern of disease development appeared similar to that documented in
the other plots (Figures 11 and 12), even though making a direct analytical comparison is difficult.
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Figure 11. The percent of trees with branch cankers. Plot 4 had a total of 150 measured trees;
Plot 5 had a total of 75 measured trees.
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Figure 12. The percent of trees with stem cankers. Plot 4 had 150 measured trees; Plot 5 had a
total of 75 measured trees.
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Larch Heath Transects
Data from the heath transects showed that a substantial proportion of the larches in the sampled
heaths had either or both stem and branch cankers incited by L. willkommii (Figures 13 and 14). The
highest incidence of larches with one or more branch cankers occurred at Larrabee Heath, (93%), the
lowest at Great Heath (46% ) (Figure 13). Total number of branch cankers was also highest at the
Larrabee Heath, with 990 recorded, even though that site had the fewest trees sampled of any heath
location.

1200
1000
800
No. Trees
600

No. Trees/Branch Cankers
No. Branch Cankers

400

Pct. Trees/Branch Cankers

200
0

Jonesport Jonesport
1
2

Great
Heath

Larrabee Cathance
Heath
Heath

Figure 13. Branch canker incidence on larches growing in heath habitats.

As with branch cankers, the incidence of stem cankers was also quite high at all the heath locations
sampled. The highest percentage of trees with at least one stem canker occurred at Larrabee Heath
(60%), the lowest at Great Heath (14.5%) (Figure 14), reflecting the same pattern as seen with branch
cankers.
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Figure 14. Stem canker incidence on larches growing in heath habitats.

Field observations indicated that several of the larches in heaths exhibited top-kill, where a canker
incited by L. willkommii had girdled the stem completely, while the lower portion of the tree remained
alive, a condition not observed in girdled larches in the forest stands examined. In keeping with the
pattern observed for branch and stem canker incidence, Larrabee Heath again had the highest
percentage of trees with stem-girdling cankers that resulted in top-kill (19.2%); Great Heath had the
lowest percentage incidence of top-kill, with 2.5 % (Figure 15).
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Figure 15. Incidence of girdling cankers resulting in top-kill of larches growing in heath habitats.
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Discussion
Since the establishment of the APHIS quarantine in 1984, annual surveys of larch stands within the
quarantine zone have shown a very slow geographical increase of pathogen distribution. Probable
reasons for this include: 1) the discontinuity of larch-rich stands, and 2) less favorable conditions for
infection in stands further from the coast, or both. Also, the restrictions against moving diseased larch
material from the infected areas likely has been effective in preventing longer range spread, as the
disease has not been detected on native tamarack outside of the quarantined area.
The disease seems to be stabilized, with respect to statewide spread. The occurrence and volume of the
larch resource declines dramatically north of State Road Route 9, which runs approximately 20 to 30
miles inland and parallel to the coast. Observations indicate that incidence of the disease declines as
distance from the coastal environment increases, a condition also observed by Ostaff (1986) in the
Maritimes of Canada, and by studies of the pathogen in Europe.
Our observations of European larch canker disease occurrence within our study plots showed that
although initial infection occurred later in plots further from the coast (Plots 3 and 4), once present, the
pattern of disease intensification and spread was similar to that in the plots near the coast (Plots 1 and
2). The disease has the potential to rapidly infect the majority of stems in regenerating young stands of
tamarack over a relatively short period of time (r-value of 0.72 – 0.93 over a ten-year period) in typical
eastern Maine larch stands. The pattern of the increase in branch cankers closely resembled the pattern
of increase for stem cankers within stands. Although mortality levels remained very low during the 10year sampling period, stem and branch cankers produced abundant inoculum, thus supporting the need
to continue the quarantine measures now in place. The overall effect of multiple branch, and
particularly (multiple) stem, cankers on trees did affect tree and stem quality, and would unquestionably
result in growth reduction, earlier mortality, and increased risk of damage from other agents. Stem
breakage resulting from wind and snow accumulation may be a particular increased risk, and was
observed in some stands. Following initial establishment, patterns of disease development and spread
within and among the young trees in our plots were characteristic of those that occur when highly
susceptible hosts are attacked by a virulent pathogen at times when environmental conditions are
favorable for both spore production and dispersion and for infection.
Stand development characteristics did appear to influence the proportion of stem and branch cankers;
the stand with slightly lower larch stem density had a higher level of branch cankers per tree, while the
stand with the higher larch stem density had more stem cankers. This difference is most likely due to
the architecture of trees in dense stands. Densely grown trees shed many or most lower branches early
and thus avoid a more prolonged period of susceptibility to infection those of persistent branches
common on more widely spaced trees.
A similar relationship was exhibited in the occurrence of larch canker disease on the diminutive trees in
the peat lands. The heath habitat presents a different environment than that where larch regenerates
on upland sites and grows into forest stands. The growth habit of heath-grown larch differs from that of
trees growing in more typical forest sites. In heaths, trees grow slowly and at a wider spacing. The open
heath conditions allow live lower branches to persist much longer than in forest situations. There
appeared to be a subtle difference in the effects of larch canker on tamarack in heaths compared to
forest trees. Girdling of the main stems occurred on 10 to 20 percent of cankered trees in heaths with
trees remaining alive supported by their lower, living branches. Stem girdling was rare in more rapidly
growing forest trees.
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Appendices
Illustrations
A. Plot 1 (Jonesboro, Maine) at study initiation in 2000.
B. Plot 2 (Addison, Maine) at study initiation in 2000.
C. Aerial view of Plot 1 in 2008. Note the older and larger larches to the left of the outlined study
area.
D. Aerial view of Plot 2 in 2008. As with Plot 1, nearby older and larger larches bordered the
younger, sampled stand.
E. Typical “flagging” symptom of a larch branch infected with Lachnellula willkommii.
F. A large stem canker centered on what was likely the branch initially infected with Lachnellula
willkommii.
G. Apothecia of Lachnellula willkommii produced around the margin of a branch canker (arrows).
Note also the fresh resinosis to the left, common on active stem and branch cankers.
H. Ground view of sapling-sized larches (circled) in the Cathance Heath. A larger, dead larch can
also be seen between the two smaller larches. The dense ground vegetation is primarily
Chamaedaphne calyculata.
I. Aerial view of the Larrabee Heath with scattered larch showing symptoms (yellow “flags”
circled) of infection from Lachnellula willkommii.
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Final Progress Report
Biology of Larch Canker
Andrea Ostrofsky February 3, 1987
Ascospore Longevity of Lachnellula willkommii

Introduction
The European larch canker, incited by the fungus Lachnellula willkommii (Hartig) Dennis has long
been a problem in Europe (Yde-Anderson 1979). The disease was found on Eastern larch (Larix laricina
(DuRoi) K. Koch, in Maritime Canada in 1980, and in Washington County, Maine in 1981 (Miller-Weeks
and Stark 1983).
More studies are needed to better understand the biology of the fungus. Ascospore discharge
in France occurs year round and is associated with rainfall and mean daily temperatures above freezing
(Sylvestre-Guinot 1981). Infection, however, is thought to occur during the dormant season (YdeAnderson 1980). In Maine, scion material has been routinely collected in late winter. A quarantine is
now in effect, preventing movement out of infected areas. It would be of interest to know how long
ascospores, discharged in the fall, remain viable. Stored ascospores of L. willkommii have remained
viable for as long as eight months (Gaisberg 1928). Sylvestre-Guinot (1981) found germination of
ascospores stored for 30 days at -1C was reduced from 87% to 34-40%, and at 4C to 73-82%. The
purpose of this study is to determine the relationship between temperature and ascospore longevity.

Materials and Methods
Apothecia of Lachnellula willkommii from three Eastern larches growing in Jonesboro, Maine
were collected in October 1985. Excised apothecia were placed on wet filter paper in Petri dishes and
allowed to discharge ascospores onto sterile cellophane and onto two plates of water agar. Cellophane
was removed soon after apothecia discharged spores to prevent germination in a water film.
Ascospores on cellophane were stored in sterile Petri dishes in incubators at 5, 15, and 26C. After four
months, spores incubated at 26C were moved to a 20C incubator due to unavailability of incubators.
Spores on cellophane were also stored in an unheated building, resulting in exposure to daily
temperature fluctuations and winter and summer ambient temperatures.
Ascospore germination was monitored by placing cellophane directly on water agar and
incubating at 15Cin the dark. Percent germination was assessed after 2 and 7 days. One hundred
spores were observed on each of three plates per storage temperature per storage time. Ascospore
germination was assessed in this way immediately after discharge and after four, nine, and 13 months of
storage. Germination of ascospores, discharged directly onto water agar, immediately after discharge
was also determined.
26

Results
Percent germination of ascospores evaluated at the beginning of the study was high.
Germination of spores discharged directly onto water agar was 89%. Percent germination of spores
discharged onto cellophane, which was then placed onto water agar was 84%. After four months of
storage, percent germination remained high in all but one case (Table 1).

Appendix Table 1. Percent Germination of Ascospores of Lachnellula willkommii
Stored on Cellophane at Various Temperatures for Various Time Periodsa
Months of Incubation
Storage Temperature [C]
4
9
13
91 (4.2)b
89 (1.7)

80 (4.7)

88 (1.2)

87 (3.6)

88 (2.5)

20 – 26c

42 (4.0)

81 (7.9)

89 (5.7)

d

88 (1.2)

31 (17.2)

0

5
15
Variable
a

Three plates each containing 100 ascospores per temperature per storage time were
observed for germination. Germination was evaluated after 2 and 7 days of incubation on water
agar at 15C.
b

Standard Deviation

c

Cellophane with ascospores was incubated at 26C for 4 months and 20C for the remainder of
the study, due to incubator limitations.
d

Spores stored at variable temperatures were placed in an unheated building, and subjected to

daily temperature fluctuations and winter and summer temperatures approximating field
conditions.
Percent germination declined to 42% in spores stored at 26C. After nine months, percent germination
remained high in spores stored at 5 and 15C. Percent germination was also high (81%) of spores stored
at 26C for 4 months, and 20C for five months. Percent germination decreased to 31% in spores stored
at variable temperatures. After 13 months, percent germination remained high in spores incubated at
5, 15, and 20-26C. No spore germination occurred in spores subjected to variable temperatures
approximating field conditions after 13 months of storage.

Discussion
Percent germination of ascospores on cellophane placed on water agar was similar to that of
spores discharged directly onto water agar, indicating that the use of cellophane as a storage medium
was not detrimental to spore germination. The drop in percent germination of spores stored at 26C may
be due to the high temperature of storage. No permanent reduction in viability resulted since spore
germination increased after storage temperature was changed.
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Spores stored at variable temperatures approximating field conditions remained high after 4
months (i.e., the winter months) suggesting that spores discharged in the fall may remain viable through
the winter, during the time that scion material is collected. Percent germination had decreased
significantly by mid-summer, possibly due to high summer temperatures or temperature fluctuations.
No germination occurred after 13 months of storage.
Since germination occurs quite readily in a water film, most ascospores in nature probably
germinate quite soon after discharge. Results from this study do suggest that spores have the ability to
survive in nature through the dormant season.
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